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* Optical thickness (7) and effective cloud droplet
effective radius (r¢f) are the major cloud
parameters for determining current, and future,
cloud energetics/forcings; processes in cloud
development; parameterizations for GCM's; ...

* Desired accuracy for both parameters depends
on the application
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* Solar reflectance at a non-absorbing (visible)
wavelength provides information primarily
regarding optical thickness:

— 0.64 um MODIS channel

Reflectance at absorbing wavelengths provides
information primarily regarding droplet size:

— 1.6 uym, 2.2 ym, and 3.7/3.9 um MODIS
channels

* Uncertainties result largely from:

— MODIS calibration, atmospheric corrections

— Uncertainty in cloud reflectance calculations
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Bidirectional Reflectance

tional Reflectance

irec

Bi

1 =0.75, p_=0.95
Optical Constants from Irvine & Pollack (1968)

1.0 LBNL I e e | 7T T T — T Y 7 T t T
......... reff—4um
0.8 | T Tg=OHM 4
- |, =10um
LT L= 20Mm|
06 ]
0.4 | .
0.2} ' ]
|
: 2.2 ym channel
0.0 o 1 a o P AU B ST U DA IS SR N SO A B Y
0 5§ 10 15 20 25 30 35 40
1.0 Attt
. 3.7 um channe
r
0.8 - i
0.6 -
0.4 i

Cloud Optical Thickness



Optical Constants

of Bulk Water
(n(A), n;, (A))
Cloud Droplet .
Size Distribution Mie code
(re r Uejf) ¢
@y & Qext
l , In-cloud vapor absorption ?
/
2
Geometry, Radiative
surface albedo — Transfer ~
(o 1t Ag) code MODIS channel spectral response, f{A)
‘ Solar spectral flux, F,(A)
-

Bidirectional Reflectance: Effective Emissivity:

.f R (1.0 Tl 1,0) flA) F.(A) dA of cloud and surface for
- MRy WD W T, MODIS 3.7 pm and

R
I Af( A) E(4) dr thermal IR channels

for each MODIS channel-
0.64, 1.6,2.2, 3.7 um

(library calculations made for some combination:
reﬂ’:reﬁ‘l, reﬁ‘z,...; T:-TI, Tz,...,' ‘lw=‘l101, ]102,...,'
\_ U={1, Hy,...; harmonics in ¢) )




Geometry Measurements
(determined (Visible & NIR radiance, or
for each pixel) bidirectional reflectance):
Reflectance Library MODIS
for each channel: Calibration
reff = reffq, reffps....reffy. .
T= 1,'1, Tz,...,’l']',... ¢ -
l Visible & NIR
Atmospheric
Calculated Cloud-Top Correction
Reflectances
at reff; & 7 *
Measured Cloud-Top
Reflectances
4 )

-

Residual Definition
for each channel

« Realc (ref; 'Tj) “Rmeas ] 2

J

Determine combination reff;, 'z']-

which minimizes residual



Retrieved error due to =+ 5 % and * 10 % reflectance error
p.sat=0.95, usolar=0.75, tau=50

Error in retrieved radius (um)

2.2 pm channel
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Summary of approximate minimum & maximum absolute uncertainty (um)

in retrieving effective radius for MODIS near infrared channels

(for clouds with 7.

unless otherwise specified).

= 4 um to 20 um, u=0.95; L, variable and optically thick

1.64 um 0.01,0.09 | 0.10,0.55 1.0, 3.0 2.0,6.0 05,30 | 0.10,0.20 01,13
215um | 0.05,0.30 | 0.15, 0.50 07,15 14,32 06,26 | 0.10,0.60 01,12
3.73pum- |0.10,0.25 | 0.30,0.70 04,08 06,17 0.10,0.30 01,14




(reflectance uncertainty < 0)
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